CASE REPORT
===========

A 76-year-old male underwent a left upper lobectomy with en bloc wedge resection of the superior segment of the left lower lobe using video-assisted thoracoscopic surgery (VATS) for non-small-cell lung cancer of the left upper lobe. Systematic dissection of the pulmonary and mediastinal lymph nodes was performed. The operation and immediate postoperative course were uneventful. The patient presented poor bronchial toileting and required supplementary oxygen. Chest radiography on the second postoperative day revealed atelectasis at the remaining left lower lobe, which was not resolved despite vigorous chest physiotherapy ([Fig. 1A](#f1-kjtcv-47-483){ref-type="fig"}). The patient had a mild fever and leukocytosis. In addition, a high-sensitivity C-reactive protein (CRP) test revealed an elevated CRP level. Fiberoptic bronchoscopy on the fourth postoperative day revealed narrowing of the left lower bronchus with purulent secretion ([Fig. 1B](#f1-kjtcv-47-483){ref-type="fig"}). Computed tomography showed an obstruction of the left lower lobar bronchus associated with acute angulation at the distal main bronchus. The left lower lobar artery showed right-angle angulation, and the left inferior pulmonary vein was stretched upward ([Fig. 2](#f2-kjtcv-47-483){ref-type="fig"}). Perfusion to the pulmonary parenchyma was intact. The patient underwent exploratory VATS under the impression of bronchial kinking. The intraoperative findings showed an inferiorly kinked left lower lobar bronchus accompanied by an excessively upwardly displaced left lower lobe ([Fig. 3A](#f3-kjtcv-47-483){ref-type="fig"}). The left lower lobe was consolidated without congestion. After adhesiolysis, the kinked bronchus was straightened. There was no malacia at the kinked portion of the bronchus. In addition, there was no supportive structure around the main bronchus and lower lobar bronchus due to extensive lymph node dissection. Thus, bronchopexy was performed to the pericardium with two interrupted monofilament sutures to prevent recurrence of bronchial kinking ([Fig. 3B](#f3-kjtcv-47-483){ref-type="fig"}). The inferior pulmonary ligament was reattached to prevent excessive upward displacement. Postoperative follow-up bronchoscopy revealed an elliptical bronchial lumen without obstruction, and chest radiography showed no atelectasis of the left lung thereafter. However, pneumonia developed in the contralateral lung. The patient underwent a mechanical ventilation treatment for 1 month and was discharged on the 80th postoperative day with a tracheostomy. The tracheostomy tube was removed at an outpatient clinic 2 months after discharge. Chest radiography revealed no specific findings ([Fig. 4](#f4-kjtcv-47-483){ref-type="fig"}).

DISCUSSION
==========

Bronchial kinking after an upper lobectomy has rarely been reported and has not been well described because of the difficulty of diagnosis \[[@b1-kjtcv-47-483]\]. However, it was recently reported that bronchial kinking occasionally develops after an upper lobectomy and subsequently exacerbates shortness of breath \[[@b1-kjtcv-47-483]\]. Bronchial kinking is commonly caused by the upward displacement of the remaining lower lobe and can be diagnosed by computed tomography \[[@b1-kjtcv-47-483],[@b2-kjtcv-47-483]\]. Usually, bronchial kinking after an upper lobectomy is a chronic manifestation and has an upward V-shape. In the present case, however, the patient showed an acute course and downward bronchial kinking (reverse V-shape). Bronchial kinking caused by a downward kink of the left lobar bronchus after a left upper lobectomy has not been reported thus far. Three predisposing factors can be suggested as causes of reverse V-shaped kinking. The first potential cause is an extensive dissection of lymph nodes around the lower lobar bronchus and the inferior pulmonary vein, which results in a skeletonized long segment of the bronchus. In such circumstances, the bronchus would be more susceptible to kinking because of the lack of supporting and anchoring structures. The second possibility is the wedge resection of the superior segment and the displacement of the left lower lobar bronchus. As the hilum of the lower lobe ascends excessively and nears the main hilum, the excessively long bronchus can become folded due to a pushing force. In the present case, the left lower lobar bronchus ascended higher than the left upper bronchial stump, while the remaining left lower lobe rotated counterclockwise. This condition might have exacerbated the upward displacement of the remaining lung after wedge resection. In addition, the right-angled upper lobar stump against the main and lower lobar bronchus might have facilitated the kinking. The third possibility is the detachment of the inferior pulmonary ligament. If the ligament is not detached, excessive upward displacement of the lower lobe can be prevented.

Shortness of breath, leukocytosis, and elevated inflammatory markers may trigger a suspicion of bronchial kinking. However, it is difficult to differentiate bronchial obstruction from pneumonia on the basis of clinical symptoms and signs; therefore, it is essential to diagnose bronchial obstruction by bronchoscopy. Computed tomography is helpful for the differentiation of bronchial kinking from lung torsion in a patient with bronchial obstruction. The final diagnosis can be made during the operation by an inspection of the lung parenchyma. In a patient with severe congestion or definitive gangrene, treatment should be directed to the treatment of lung torsion. Early diagnosis is the most important for the treatment of bronchial kinking or lung torsion. Thus, bronchoscopy should be performed as soon as possible, whenever there are clinical signs of bronchial obstruction to rule out bronchial kinking or lung torsion.

Bronchial obstruction due to bronchial kinking can be treated with a stent \[[@b3-kjtcv-47-483]\]. Intrabronchial stent insertion might be simpler than surgical correction. However, more serious complications such as bronchial wall perforation, stent migration, granuloma formation, and bacterial colonization may occur \[[@b4-kjtcv-47-483]\]. Surgical correction is the definitive treatment, and surgical diagnosis is one of the important roles of surgery. When obstructive pneumonia is combined, protection of the contralateral lung while positioning the patient in a lateral decubitus position is warranted during surgery.

In the present case, we decided on VATS exploration and surgical correction because an intraoperative diagnosis of congestion or gangrene formation was necessary. Repositioning of the lower lobe was necessary and effective in relieving bronchial kinking. By repositioning, we could also restore the pulmonary artery and vein to a more neutral position. Bronchopexy was also effective in maintaining a normal shape of the bronchus after resolving the kinking. Reattachment of the pulmonary ligament was done to prevent excessive displacement of the lower lobe. To prevent bronchial kinking during the initial operation, reattachment of the pulmonary ligament after pulmonary ligament lymph node dissection would be helpful. Less extensive dissection of lymph nodes around the lower lobar bronchus may prevent acute reverse V-shaped bronchial kinking.

In conclusion, given that bronchial kinking can occur after an upper lobectomy, bronchial kinking should be one of the differential diagnoses in patients with signs of bronchial obstruction. Further, surgical exploration and correction should be considered in patients with bronchial kinking.
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![(A) Chest radiography of the patient on the second postoperative day revealed atelectasis of the remaining left lower lobe. (B) Fiberoptic bronchoscopy on the fourth postoperative day revealed a narrowing of the left lower bronchus with purulent secretion.](kjtcv-47-483f1){#f1-kjtcv-47-483}

![Chest computed tomography on the fourth postoperative day revealed an obstruction of the left main bronchus. (A) Left lower lobar artery was angulated downward, and (B) left inferior pulmonary vein was stretched upward.](kjtcv-47-483f2){#f2-kjtcv-47-483}

![(A) Thoracoscopic findings showed reverse V-shape kinking of the left lower lobar bronchus without pulmonary congestion. (B) To prevent recurrent bronchial kinking, bronchopexy was performed to the pericardium.](kjtcv-47-483f3){#f3-kjtcv-47-483}

![(A) Postoperative follow-up bronchoscopy revealed an elliptical bronchial lumen without obstruction, and (B) chest radiography taken 7 months after the surgery showed patent left bronchus and full expanded left lung.](kjtcv-47-483f4){#f4-kjtcv-47-483}
